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(54) Measurement relating to human energy metabolism 



(57) A heart rate measurement arrangement char- 
acterized in that the heart rate measurement arrange- 
ment (402 to 404) comprises a calculating unit (452) 
comprising a mathematical model (200) arranged to 
form a person's energy metabolism level (216) as an 
output parameter of the model using as input parame- 



ters of the model one or more heart rate parameters 
(202) and one or more physiological parameters (204) 
each describing a physiological characteristic of the per- 
son, the heart rate measurement arrangement further 
comprising display means (450) for displaying informa- 
tion formed in the calculating unit (452). 
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Description 

FIELD OF THE INVENTION 



5 [0001] The invention relates to health care and sports, particularly to applications which aim to determine variables 
relating to human energy metabolism and/or glucose content in a human body 

BACKGROUND OF THE INVENTION 

10 [0002] The human energy economics mainly comprises carbohydrates, fats and proteins. How these are used and 
proportioned depends on bodily condition, the amount of nutrients in use and the intensity of exercise to be performed. 
The bodily condition can be studied e.g. through activity, temperature and blood pressure. The exercise stress intensity, 
in turn, can be measured e.g. as a heart rate frequency with respect to time : which gives a temporary, rough estimate 
of the exercise stress. In connection with various diseases, such as diabetes, it is important to determine the bodily 

is energy balance and glucose content in orderto find suitable treatment. Furthermore, the effect of exercise stress level 
in athletes on the energy balance and energy metabolism is important as regards planning a suitable diet. 
[0003] The known methods for determining energy metabolism levels are based on measuring the heart rate during 
an exercise. Energy consumption has been estimated e.g. by an equation according to Formula (1): 

20 (1) EE = a+b*HR, 

wherein 

EE describes the level of energy consumption, a and b are constants by which the linear dependency between 
25 heart rate HR and EE is determined. The known method has serious disadvantages. Energy consumption calculated 
by the method according to Formula (1 ) does not take any previous cumulative exercise stress nor the quality thereof 
into account. The linear model is used because the energy consumption measurements being currently used are mainly 
based on laboratory measurements during ascending exercise stress or using constant exercise stress at a certain 
work load. 

30 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] An object of the invention is to provide an improved method for determining human energy metabolism. A 
further object of the invention is to provide an improved method for estimating a glucose content in a human body. This 

35 is achieved by a method disclosed in the following. The method is a method for measuring human energy metabolism, 
in which method information on a person's heart rate is measured in the form of one or more heart rate parameters. 
The method comprises forming, by means of a mathematical model modelling human metabolism, the person's energy 
metabolism level as an output parameter of the model using as input parameters of the model said one or more heart 
rate parameters and one or more physiological parameters each describing a physiological characteristic of the person, 

40 and using the output parameter of the model for estimating the person's energy metabolism. 

[0005] The invention also relates to a method for measuring the amount of glucose in a human body in which method 
information on a person's heart rate is measured in the form of one or more heart rate parameters. The method com- 
prises supplying one or more heart rate parameters and one or more physiological parameters describing a physio- 
logical characteristic of the person as input parameters into a mathematical model modelling human glucose consump- 

45 tion, by means of which input parameters one or more of the following are formed as an output parameter of the model: 
the person's glucose content level, amount of glucose left in the person's body, which said one or more output param- 
eters are used for estimating the amount of glucose used and/or the amount of glucose left in the body. 
[0006] The invention also relates to a heart rate measurement arrangement comprising a calculating unit comprising 
a mathematical model arranged to form a person's energy metabolism level as an output parameter of the model using 

50 as input parameters of the model one or more heart rate parameters and one or more physiological parameters each 
describing a physiological characteristic of the person, the heart rate measurement arrangement further comprising 
display means for displaying information formed in the calculating unit. 

[0007] The invention also relates to a heart rate measurement arrangement comprising a calculating unit comprising 
a mathematical model arranged to form, using as input parameters of the model one or more heart rate parameters 
55 and one or more physiological parameters each describing a physiological characteristic of a person, one or more of 
the following as an output parameter of the model: the person's glucose content level, amount of glucose left in the 
person's body, which heart rate measurement arrangement further comprises display means for displaying information 
formed in the calculating unit. 
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[0008] Preferred embodiments of the invention are disclosed in the dependent claims. 

[0009] The invention thus relates to a method and apparatus for measuring human energy metabolism. The method 
of the invention is preferably implemented by a mathematical model which is based on the physiological facts of the 
human energy metabolism. In connection with the description of the invention, a mathematical model refers to a set 

s of mathematical procedures and rules that are employed to form output parameter values from input parameter values. 
The mathematical procedures include arithmetic operations, such as adding, subtracting and multiplying. The mathe- 
matical model may of course also be implemented as a table or a database, in which case an output parameter value 
corresponding to a particular input parameter is read directly from the database. In an embodiment of the invention, 
the level of energy metabolism, i.e. the amount of energy consumed, is given as output variables of the mathematical 

w model. Energy consumption can be determined as energy/time unit, i.e. kcal/min. In a preferred embodiment of the 
invention, the quality of energy metabolism, which means that the energy used is divided into different forms of energy, 
such as carbohydrates, fats and proteins, is given as output parameters of the model. In a preferred embodiment of 
the invention, the amount of energy left in the body is given as an output variable. In an embodiment, the quality of the 
remaining energy divided into different energy components is given as an output parameter. More than one output 

15 parameter of the output parameters disclosed above may also be simultaneously given as an output parameter of the 
model. 

[0010] The mathematical model according to an embodiment of the invention returns as Its output parameter one or 

more of the following: the glucose used by the body or the amount of glucose left In the person's body. 

[001 1 ] The set of input parameters of both the model modelling energy metabolism and the model modelling glucose 

20 consumption may vary greatly. In the solution of the invention, at least one or more heart rate parameters to be measured 
from heart rate information are introduced as input parameters into the model. A heart rate parameter may be e.g. 
heart rate, standard deviation of the heart rate, rate of change of the heart rate or other such variable measurable from 
heart beats. Furthermore, at least one physiological parameter describing the physiology of the user is introduced as 
input information into the model. The physiological parameters include height, weight, age and sex. The model can be 

25 made more accurate by using one or more optional parameters as input parameters of the model. In a preferred model, 
the amount of energy supplied to the body is introduced as an input parameter into the model. The amount of supplied 
energy refers to energy that has been consumed by eating or drinking or administered e.g. through an injection. In a 
preferred embodiment, the amount of energy supplied to the body can be divided into carbohydrates, fats and proteins 
according to the energy quality. An optional input parameter is body temperature, which can be measured e.g. from 

30 the skin by a thermometer. Furthermore, an optional input parameter of the model is the surrounding temperature, 
which affects the metabolism level in the same way as the body's own temperature, i.e. the higher the temperature, 
the higher the metabolism level. The model may also use a person's blood pressure as an input parameter, the blood 
pressure affecting the metabolism such that high blood pressure corresponds with high metabolism level. In a preferred 
embodiment, the model uses the amounts of respiratory gases, i.e. oxygen and carbon dioxide, as optional input 

35 parameters. 

[0012] In a preferred embodiment of the invention, the above-described mathematical model is implemented as a 
neural network. In a neural network, the effect of each input parameter on each output parameter is found out by finding 
out the weighting coefficient describing the effect. The model is preferably trained by a sufficiently large amount of user 
data to enable the model to conclude the effect of each input parameter on each output parameter. The set of users 

40 used in the training is preferably very large, i.e. it comprises a group of hundreds or even thousands of people having 
physiological characteristics that provide as comprehensive a sample as possible. By supplying a user's physiological 
parameters into the trained neural network quite a good classification of the user in the model can be achieved. In a 
preferred embodiment, the results given by the model are improved by a reference exercise. The reference exercise 
is carried out at a known exercise stress level, enabling the exact values of some input parameters, such as the res- 

45 piratory gases, to be measured. The operation of the neural network can be further improved by Introducing feedback 
into the model, whereby the model can be further improved by utilizing the measurement results obtained. 
[0013] In a solution according to a preferred embodiment of the invention, in order to measure energy metabolism 
and/or glucose, a person whose energy levels are to be monitored uses a heart rate monitor. A heart rate monitor is 
a device used in sports and medicine to measure information on a person's heart rate either from an electric impulse 

so transmitted by the heart or from the pressure caused by a heart beat on an arterial vessel. Heart rate monitors are 
known e.g. to comprise an electrode belt to be arranged on a user's chest to measure the heart rate by means of two 
or more electrodes. The electrode belt transmits the measured heart rate information inductively as one or more mag- 
netic pulses per heart beat e.g. to a receiver unit worn on the wrist. On account of the received magnetic pulses, the 
receiver unit calculates the heart rate and : if necessary, other heart rate variables, such as the moving standard devi- 

55 ation of the heart rate. The receiver unit, i.e. the wrist monitor, often also comprises a display for displaying heart rate 
information to the performer of an exercise, and an interface for the other facilities of the heart rate monitor. In the 
above-described situation, a heart rate monitor refers to an integrated whole comprising an electrode belt and a receiver 
unit. The heart rate monitor may also consist of one part only such that the display means are also located on the 
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chest, which means that no information needs to be transmitted to a separate receiver unit. Furthermore, the heart 
rate monitor may consist of a mere wrist monitor to be arranged on the wrist, operating without an electrode belt 
arranged on the chest and measuring the heart rate information from the pressure in the vessel. In connection with 
the description of the invention, a heart rate measurement arrangement refers to the heart rate monitor solutions de- 
5 scribed above. The heart rate measurement arrangement also comprises solutions wherein the heart rate information 
is transmitted to an external computer or to an information network comprising display means, such as a display of a 
computer, for displaying the information measured or formed by the heart rate monitor. 

[0014] The mathematical model required by the method of the invention and the other facilities required by the models 
are preferably implemented by software using a processor of the heart rate monitor. The models and facilities may 

10 also be implemented as ASIC, using separate logic components or the like. In a preferred embodiment of the invention, 
the heart rate monitor comprises supply means for supplying input parameter values, which supply means may be e. 
g. a keypad of the heart rate monitor, display equipment supporting the control, speech control, telecommunication 
gate for external control or the like. The heart rate monitor preferably aiso comprises display means for displaying 
output parameters. The output parameters may of course be transmitted to the user in other ways as well, e.g. by 

is means of a speech controller or a telecommunication connection. 

[0015] In connection with the description of the invention, a fitness exercise, or an athletic exercise, refers to a 
physical exercise wherein a person's heart rate level for a given time, e.g. for more than 10 minutes, exceeds a heart 
rate level corresponding to a rest state. An exercise may be considered to be divided e.g. into the following phases: 
warm-up phase, active phase and recovery phase, the exercise being preceded and followed by a state of rest. The 

20 different phases may be determined and separated e.g. on account of heart rate levels and/or exercise stress levels. 
A recovery phase, for instance, can then be determined as a performance level on which the heart rate level is dropped 
from 1 30 beats/minute to a rest level of 70 beats/minute. The invention is not restricted to measuring during an exercise 
only but the present invention is well suited to measuring during a rest state as well. 

[0016] The invention provides several advantages. In comparison to the known methods, a person's bodily condition 
25 can be followed much more accurately as regards the energy metabolism and/or glucose parameters. Indirectly this 
means that the energy balance in athletes and persons suffering from certain diseases can be monitored more accu- 
rately than in the known methods. Furthermore, when in use, the method and apparatus of the invention provide a 
non-invasive way of estimating the energy metabolism and/or amount of glucose in a body 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] In the following, the invention will be described in closer detail with reference to the accompanying drawings, 
in which 

35 Figure 1 shows a preferred embodiment of a method of the invention, 

Figure 2 is a block diagram showing the structure of a model of the invention, 

Figure 3A shows the structure of a neural network model, 

Figure 3B shows the operation of the neural network model, 

Figure 4A shows a person performing an exercise, 
40 Figure 4B shows an electrode belt according to a preferred embodiment of the invention, and 

Figure 4C shows a heart rate monitor arrangement of an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

45 [0018] In the following, the invention will be described by means of preferred embodiments and with reference to 
accompanying Figures 1 to 4C. Figure 1 describes a preferred embodiment of a method of the invention. In step 102, 
a mathematical model is formed in order to find one or more heart rate parameters and the effect of one or more 
physiological parameters on a person's metabolism level and/or the amount of glucose in the body. A heart rate pa- 
rameter refers to the heart rate calculated e.g. from the heart beat frequency, standard deviation of the heart rate or 

50 such a parameter calculable from the heart beat. A physiological parameter refers to a person's age, weight, height, 
sex or other such parameter describing a physiological characteristic of the person. In a preferred embodiment, the 
mathematical model is a neural network, which is particularly well suited to complex biological modelling situations. A 
physiological background to the model is provided by the known physiological dependencies of metabolism that will 
be discussed in the following in view of the basic facts of the model. 

55 [0019] The human energy economics mainly comprises carbohydrates, fats and proteins. How these are used and 
proportioned depends on the bodily condition, the amount of nutrients in use and the intensity of exercise. The carbo- 
hydrates obtained from nutrition produce glucose, which is stored as glycogen in the muscles. In glucolysis, the glucose 
breaks down releasing energy. The reaction may take place either aerobically or anaerobically. 
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glucose + 0 2 -> C0 2 + H 2 0 + energy. 



glucose -> C0 2 + H 2 0 + lactate + energy. 
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[0022] In addition to the breakdown of carbohydrates shown above, the breakdowns of fatty acids and protein are 
provided with corresponding breakdown equations; it is, however, irrelevant to shown them herein. Fatty acids can 
break down into energy only aerobically. In muscle, the oxidation of fatty acids requires simultaneous burning of glucose. 
At exercise, the muscles get the energy they need from ATP (adenosine triphosphate). An ATP deficiency formed 
during exercise should be replenished by producing new ATP from stored energy. At the outset of exercise, during the 
first 10 to 15 seconds, creatine stocks will suffice to provide energy for forming the ATP necessary for the muscles. 
After this, it is possible to start using the energy obtainable from the glucose in the body. Only after about 15 minutes 
from the outset of the exercise is it possible to utilize fatty acids. In a short-term maximal exercise lasting roughly ten 
to twenty seconds only energy is mainly produced anaerobically. In an exercise lasting few seconds energy is mainly 
produced by alactic processes by creatine phosphate. However, creatine phosphate stocks are small, and as soon as 
after a 10-second exercise energy production will mainly take place through lactic processes. In a longer maximal 
exercise lasting several minutes the proportion of aerobic energy production is increased. However, in a prolonged 
exorcise energy is partly produced by using the same mechanisms as in a short-term exercise. 
[0023] The intensity of an exercise can be studied e.g. as a heart rate frequency in regard to time. The intensity, 
however, only reveals a temporary intensity of the exercise. The difference between a person who is physically fit and 
a person who is not does not necessarily show in the intensity at which they are able to perform the exercise but first 
of all in the way they endure the duration of the exercise and in the way the exercise affects the person. The exercise 
stress level affecting the amount of cumulative metabolism is decreased by rest, so in addition to the mere intensity, 
a more accurate analysis of the level and quality of the metabolism would also require information on previous exercise 
as well. An object of the present invention is to acknowledge several different factors that are not taken into account 
in estimating metabolism in models based on intensity only. In an embodiment according to the model of the invention, 
the model can be presented by an equation according to Formula (2): 



35 



(2) 



EE = F(HR, Act, Tern, Tair, Time, BP, Nfat, Nch), 



40 
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50 
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wherein 

EE describes energy consumption, F refers to a function which depends on the variables in the parenthetical 
expression. HR describes one or more heart rate parameters, Act refers to a person's activity, Tern to the person's 
body temperature, Tair to the temperature of the air surrounding the. body : Time to the duration of an exercise of a 
measurement, BP to blood pressure measured e.g. one to three times a day, Nfat to the amount of fat obtained from 
nutrition, and Nch to the amount of carbohydrates obtained from nutrition. The amount of glucose in the body can be 
estimated by using a formula corresponding to Formula (2) wherein EE is replaced by GLU to describe the amount of 
glucose. 

[0024] In lieu of a solution based on the neural network, in an embodiment the model of Formula (2) is calibrated 
manually on account of measurement results. Each person calibrates the model according to the responses produced 
by his or her own body, e.g. the glucose content of the body can be measured from blood, whereby the parameters of 
the model can be calibrated appropriately. 

[0025] In method step 1 04 of Figure 1 , the neural network is trained by a large amount of user data. The user data 
is preferably collected e.g. from roughly a thousand users, which enables the neural network to leam and set the 
weighting coefficients of the synapses such that the model gives as good results as possible. In step 106, user-specific 
information, such as physiological parameters and information on nutrition consumed, is supplied to the neural network. 
Preferably, the model is calibrated before the actual use by utilizing the real user data. As to glucose, this means that 
the real amount of glucose in the blood is measured in the morning using a glucose meter, the real measurement result 
is supplied to the model, which, using feedback, calibrates the parameters of the model such that the real measured 
value can be achieved. In a preferred embodiment, the mathematical model is integrated into the heart rate monitor; 
method step 108 shows the heart rate monitor being used. The heart rate monitor measures one or more heart rate 
parameters from a person's heart rate on account of which the heart rate monitor forms estimates of the variables 
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describing energy metabolism and the amount of glucose. According to step 110, the heart rate monitor preferably 
displays on its display the state of energy metabolism and/or glucose content to the user of the heart rate monitor, 
doctor or trainer. 

[0026] Figure 2 shows a i embodiment of a mathematical model 200 mainly by means of input parameters 202 to 

5 214 and output parameters 216 to 226 of the model 200. One or more heart rate parameters 202 calculable from a 
person's heart rate and one or more physiological parameters 204 of the person are introduced into the mathematical 
model 200, such as a neural network, as an input parameter. In an embodiment, one or more optional parameters or 
a set of parameters 206 to 214 are introduced into the model 200. An input parameter set 206 describes the amount 
of energy consumed or otherwise received by the person. In an embodiment, the amount of energy is described by 

10 one parameter. In another embodiment, the amount of energy is divided into different forms of energy, such as fats : 
carbohydrates and proteins, before being supplied into the model 200. An parameter set 2°8 describes temperatures 
that affect metabolism. The temperatures are described by one or more parameters, sue *s the temperature of the 
person's body or the temperature of the air surrounding the person's body. In a preferred embodiment., the person's 
blood pressure 210 is introduced into the model 200 as an input variable. The blood pressure can be measured e.g. 

15 one to three times a day. An activity parameter 212 describes the person's state, e.g. sleeping and being awake are 
preferably separated by means of the activity parameter. In a preferred embodiment, respiratory gases 214 are taken 
into account In calculating the energy metabolism. The respiratory gases 214 describe the amounts of inhaled oxygen 
and exhaled carbon dioxide. The use of the respiratory gases 21 4 is an accurate way to describe the energy metabolism, 
so it is preferable to use them e.g. when the neural network is being trained. 

20 [0027] As output parameters, the model gives one or more of the output parameters or output parameter sets 216 
to 226 shown in Figure 2. The output parameter 216 describes the amount of energy consumption e.g. by a variable 
such as that of kilocalories per time unit. An output parameter set 21 8 describes the amount of energy consumption 
divided into different kinds of energy, such as fats, carbohydrates and proteins. An output parameter 220 describes 
the amount of energy left in the body. In a preferred embodiment, the parameters 220 describing the energy 206 

25 consumed and the amount of energy left coexist in the model 200. A parameter set 222 describes the remaining amount 
of energy divided into different energy components. An output parameter 224 describes the amount of glucose used, 
and a parameter 226 the amount of glucose left in the body. 

[0028] In a preferred embodiment, the mathematical model forms a person's exercise stress level by means of the 
person's one or more heart rate parameters and one or more parameters describing the strenuousness of an exercise. 

30 An exercise stress parameter may be e.g. the velocity of a runner or the resistance of an exercise bike. In determining 
the exercise stress, the model preferably employs one or more parameters describing the person's physical condition, 
such as the maximum oxygen intake capacity. The model of the embodiment is then preferably a two-step one such 
that an estimate of the person's exercise stress level is formed on account of the heart rate information and the pa- 
rameters describing the person's energy metabolism are estimated on account of the exercise stress level. 

35 [0029] In an embodiment of the invention, the mathematical model implementing the method of the invention is 
implemented as a neural network, the operational principles of such a network being described by means of Figures 
3A and 3B. A neural network is used for modelling highly complex applications, such as image and speech recognition, 
robotics applications and medical analysis applications, which are extremely difficult to express as a mathematical 
model. Referring to Figure 3A, the neural network comprises neurons, e.g. 202A and 202B, 302A and 302B which are 

40 provided with a great number of dependencies therebetween, e.g. 304A and 304B. The dependencies 304A and 304B 
between the neurons are called synapses, and a weighting coefficient, e.g. W1 1 , W1 2, is determined for each synapsis. 
The neurons, i.e. nodes, are able to perform simple calculations, e.g. the neuron 302A calculates a sum weighted by 
the weighting coefficients from the synapses of the previous layer. The neural network comprises at least an input layer 
comprising neurons 202A to 204A, and an output layer comprising neurons 21 6 to 220. Since the operation of thetwo- 

45 layer neural network is rather limited, the neural network preferably comprises at least one hidden layer HL comprising 
neurons 302A and 302B. Neurons on the same level do not have a common synapsis but a node has a synapsis with 
all neurons on adjacent levels to the level in question. Figure 3B shows the structure of a single neuron 302A in closer 
detail. As its input the neuron 302A receives the corresponding input parameters 202A to 204A weighted by weighting 
coefficients P1 to P3 for which the neuron forms a weighted sum S. The neuron supplies the sum S to an activation 

50 function, which is typically a non-linear function of the sigmoid type. As its output the neuron 302A gives a terminal 
value T, which, supplied to the synapsis 304B is multiplied by a weighting coefficient T1 1 whereas supplied to the node 
218, the terminal value is multiplied by weighting coefficient T12. 

[0030] A central characteristic of the neural network is training. During a special training phase, the model is being 
presented with real input and output values that the model compares with the output values it has calculated. The 
55 model processes the difference between the real and calculated values, i.e. the error, and as a final result of the 
processing, the weighting coefficients of the synapses are adjusted in order to minimize the error. As a result of the 
training phase, the weight of significant synapses increases while the weight of less important synapses becomes 
extremely small. 
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[0031] Figure 4A shows a person 400 performing an exercise on a treadmill 406. The heart rate of the person 400 
is measured by a transmitter electrode belt 402 to be arranged on the chest. The heart rate is measured by two or 
more electrodes 41 OA and 41 OB provided in the transmitter electrode belt 402, a potential difference being formed 
therebetween as the heart beats. The transmitter electrode belt 402 is attached around the person's body e.g. by an 

s elastic band made of an elastic material. The measured heart rate is transmitted preferably inductively to a receiver 
404 on the wrist which preferably also comprises a display for displaying the measured heart rate. The invention is 
also suited to heart rate monitors wherein an electrode belt 402 on the chest is, in addition to measuring the heart rate, 
also responsible for storing, processing and displaying heart rate information, which means that no separate receiver 
unit 404 to be arranged on the wrist is needed. The heart rate monitor may also be a mere wrist device wherein the 

10 transmitter part and the receiver part are integrated into one device, in which case no transceiver nor receiver electronics 
is needed. The heart beat may be measured from the wrist either from an ECG signal from the arterial pressure pulse 
or by observing optically the changes in blood flow absorption or reflection. 

[0032] Figure 4B shows in closer detail the electrode belt 402 shown in Figure 4A. In Figure 4B, the electrode belt 
402 is shown as seen from the side of the electrodes 41 OA and 41 0B, i.e. from the side facing the body. The figure 
is further shows fasteners 41 6 A and 41 6B by which the electrode belt 402 can be attached to the elastic band to be 
attached around the body A dotted line in Figure 4B further designates an electronics unit 412 for processing the heart 
rate information received from the electrodes 41 OA and 41 0B. The electrodes 41 OA and 41 OB are connected to the 
electronics unit 412 by connectors 41 4A and 41 4B respectively. 

[0033] Figure 4C shows the structures of the transmitter electrode belt 402 and the receiver 404 by means of an 
20 embodiment. The transmitter electrode belt 402 is shown at the top of the figure, a sample of heart rate information to 
be transmitted in the middle of the figure, and relevant parts of the receiver unit 404 at the bottom of the figure. An 
electronics unit 1 1 2 of the transmitter electrode belt 402 receives the heart rate information from the means 41 OA and 
410B for measuring one or more parameters of the heart rate information. The measuring means are preferably elec- 
trodes, and the heart rate monitor comprises at least two such electrodes; there may, however, be more of them as 
25 well. From the electrodes the signal is supplied to an ECG-preamplifier 420 wherefrom the signal is transmitted to an. 
AGC-preamplifier 422 and, through a power amplifier 424, to a transmitter 426. The transmitter 426 is preferably im- 
plemented as a coil which inductively transmits heart rate information 430 to the receiver, such as the receiver unit 
404 to be arranged on the wrist, or e.g to an external computer. 

[0034] One heart beat corresponds to e.g. one 5 kHz burst 432A, or one beat may. correspond to a group 432A to 
30 432C of several bursts. The distances between the bursts 430A to 430C and 432A and 432B may be of equal or 
different length, the latter case being shown in Figure 4C. Information may be transmitted inductively or, alternatively, 
for instance optically or through a conductor. In an embodiment, the receiver 404, such as the receiver to be worn on 
the wrist, comprises a receiver coil 440 wherefrom the received signal is, via a signal receiver 442, supplied to a central 
processor 444, which coordinates the operation of the different parts of the receiver 404. The receiver 404 preferably 

35 also comprises a memory 448 for storing heart rate information, and display means 450 for displaying the heart rate 
or heart rate variables, such as the standard deviation, derived therefrom. The display means 450 are e.g. the display 
or speech controller of the heart rate monitor. In a preferred embodiment, the display means 450 also comprise means 
for transmitting heart rate or feedback information e.g. to an external computer or to an information network. The 
transmitting means may be implemented e.g. as an inductive coil, optic transmitter, radio transmitter or by a connector 

40 for transmission to be carried out via a connecting cable. If the information measured or formed by the heart rate 
monitor is transmitted to equipment external to the heart rate monitor such as a computer, the arrangement is called 
a heart rate measurement arrangement. Then, according to a preferred embodiment, the display means are situated 
in the computer, which can be used for displaying the information stored in the memory of the heart rate monitor or 
measured in real time. The display means 450 may also show the user information relevant to recovering from a fitness 

45 exercise, such as the lactate content In the body, value of the sliding heart rate variation, the person's exercise stress 
level, duration of the recovery exercise or other such information. The display means 450 may also be used for dis- 
playing lo the user the output parameters 216 to 226 of the mathematical model 200 shown in Figure 2 relating to the 
energy metabolism or glucose content. The receiver 404 preferably comprises supply means 446, such as a keypad 
or speech control means. The supply means 446 can be used for supplying e.g. the input parameters 202 to 214 

so necessary for the models 200. Preferably, the one or more mathematical models 200 required by the method of the 
invention are implemented in a calculating unit 452 of the receiver 404. It is obvious that the calculating unit 452 does 
not have to be implemented as a separate device unit but the calculating unit 452 and the mathematical model 200 
therein may e.g. be part of the central processor 444. Furthermore, it is obvious that the heart rate monitor does not 
necessarily have to comprise a calculating unit as a separate device component but the model 200 may be implemented 

55 e.g. in the central processor 444. 

[0035] In the embodiment of Figure 4C, a heart rate monitor refers to an integrated whole comprising the transmitter 
electrode belt 402 and the receiver 404. In an embodiment, the heart rate monitor may also be implemented such that 
the above-described facilities contained in the transmitter electrode belt 402 and the receiver 404 are situated in one 



7 



BNSDOCID: <EP 1 127544A1_I_> 



EP 1 127 544 A1 

device. The one-piece device may be either such that it is arranged on the chest for the heart rate measurement or, 
alternatively, the device may be used on the wrist. It is obvious to one skilled in the art that the electrode belt 402 and 
the receiver 404 may also comprise other parts than those shown in Figures 4B and 4C but it is irrelevant to describe 
those parts in this connection. 

5 [0036] In a preferred embodiment, the facilities, means and one or more mathematical models implementing the 
above-mentioned method steps of the invention are implemented by software using a general-purpose processor. The 
means may also be implemented as ASIC , by separate logic components or by employing another such known method. 
[0037] Although the invention has been described above with reference to the examples according to the accompa- 
nying drawings, it is obvious that the invention is not restricted thereto but can be modified in many ways within the 

10 scope of the inventive idea disclosed in the attached claims. 
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Claims 

is 1 . A method for measuring human energy metabolism, in which method information on a person's heart rate is meas- 
ured in the form of one or more heart rate parameters, characterized by 

(108) forming, by means of a mathematical model modelling human metabolism, the person's energy me- 
tabolism level as an output parameter of the model using as input parameters of the model said one or more heart 
rate parameters and one or more physiological parameters each describing a physiological characteristic of the 

20 person, and using the output parameter of the model for estimating the person's energy metabolism. 

2. A method as claimed in claim 1 , characterized In that as output parameters, the model gives one or more of the 
following: quality of energy metabolism, amount of energy left in the body or amount of energy in the body as 
energy quaJity. 

25 

3. A method as claimed in claim 1 or 2, characterized In that the output parameter of the model describing energy 
metabolism is formed on account of the person's exercise stress level, the exercise stress level being estimated 
in the model by means of the information on the person's heart rate level and one or more exercise stress param- 
eters describing the stressfulness of a fitness exercise. 

4. A method as claimed in claim 1, characterized in that one or more of the following are supplied into the model 
as an input parameter: amount of obtained energy, quality of obtained energy, person's activity, temperature of the 
person's skin, temperature of the air surrounding the person's body, person's blood pressure, exercise stress 
parameter describing the hardness of exercise, amount of respiratory gases. 

5. A method as claimed in claim 1, 2 or 4, characterized in that the energy metabolism quality or energy quality 
describes energy consumption in one or more energy components, e.g. as carbohydrates, fats or proteins. 

6. A method as claimed in any one of the preceding claims, characterized in that the mathematical model is a neural 
40 network. 

7. A method as claimed in claim 6, characterized in that the model is trained on the basis of user information collected 
from a large group of users. 

45 8. A method as claimed in claim 7, characterized in that in the training of the neural network, weighting coefficients 
between neurons of the neural network are calibrated by means of feedback by utilizing the value of one or more 
output parameters. 

9. A method as claimed in claim 1 , characterized in that the heart rate parameter is a heart rate describing the heart 
so beat frequency, standard deviation of the heart rate, rate of change of the heart rate or other such parameter. 

10. A method as claimed in claim 1 , characterized in that the physiological parameter is age, sex, height, weight or 
other such parameter describing a physiological characteristic of the person. 

55 11. A method as claimed in claim 1 , characterized in that the information on the person's heart rate is measured by 
a heart rate monitor. 

12. A method as claimed in claim 1, characterized in that one or more input parameters are supplied into the math- 
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ematical model contained in the heart rate monitor by supply means of the heart rate monitor. 

13. A method as claimed in claim 1 , characterized in that the value of one or more output parameters of the model 
is readable from a display of the heart rate monitor. 

14. A method for measuring the amount of glucose in a human body, in which method information on a person's heart 
rate is measured in the form of one or more heart rate parameters, characterized by 

(108) supplying one or more heart rate parameters and one or more physiological parameters describing a 
physiological characteristic of the person as input parameters into a mathematical model modelling human glucose 
10 consumption, by means of which input parameters one or more of the following are formed as an output parameter 

of the model: the person's glucose content level, amount of glucose left in the person's body, which said one or 
more output parameters are used for estimating the amount of glucose used and/or the amount of glucose left in 
the body. 

is 15 A method as claimed in claim 14, characterized in that the output parameter of the model describing glucose 
consumption is formed on account of the person's exercise stress level, the exercise stress level being estimated 
in the model by means of the information on the person's heart rate level and one or more exercise stress param- 
eters describing the stressf ulness of a fitness exercise. 

20 16. A method as claimed in claim 14, characterized in that one or more of the following are supplied into the model 
as an input parameter: amount of obtained energy, quality of obtained energy, person's activity, temperature of the 
person's skin, temperature of the air surrounding the person's body, person's blood pressure, exercise stress 
parameter describing the hardness of exercise, amount of respiratory gases. 

25 17. A method as claimed in claim 1 4, 15 or 16, characterized in that the energy metabolism quality or energy quality 
describes energy consumption in one or more energy components, e.g. as carbohydrates, fats or proteins. 

18. A method as claimed in claim 14, characterized in that the mathematical model is a neural network. 

30 19. A method as claimed in claim 18, characterized in that the model is trained on the basis of user information 
collected from a large group of users. 

20 A method as claimed in claim 1 9, characterized in that in the training of the neural network, weighting coefficients 
between neurons of the neural network are calibrated by means of feedback by utilizing the value of one or more 
35 output parameters. 

21. A method as claimed in claim 14, characterized in that the heart rate parameter is a heart rate describing the 
heart beat frequency, standard deviation of the heart rate, rate of change of the heart rate or other such parameter. 

40 22. A method as claimed in claim 14, characterized in that the physiological parameter is age, sex, height, weight 
or other such parameter describing a physiological characteristic of the person. 

23. A method as claimed in claim 14, characterized in that the information on the person's heart rate is measured 
by a heart rate monitor. 

24. A method as claimed in claim 1 4, characterized in that one or more input parameters are supplied into the math- 
ematical model contained in the heart rate monitor by supply means of the heart rate monitor. 

25. A method as claimed in claim 14, characterized in that one or more output parameters of the model are readable 
so from a display of the heart rate monitor. 

26. A heart rate measurement arrangement, characterized in that the heart rate measurement arrangement (402 to 
404) comprises a calculating unit (452) comprising a mathematical model (200) arranged to form a person's energy 
metabolism level (216) as an output parameter of the model using as input parameters of the model one or more 

55 heart rate parameters (202) and one or more physiological parameters (204) each describing a physiological char- 

acteristic of the person, the heart rate measurement arrangement further comprising display means (450) for dis- 
playing information formed in the calculating unit (452). 
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27. A heart rate measurement arrangement as claimed in claim 26, characterized in that the heart rate measurement 
arrangement comprises a memory for storing the heart rate information and/or information formed in the calculating 
unit. 

28. A heart rate measurement arrangement as claimed in claim 26, characterized in that the heart rate measurement 
arrangement comprises an electrode belt for measuring heart rate and a receiver unit comprising a receiver for 
receiving information transmitted from a transmitter of the electrode belt, said calculating unit and said display 
means. 

29. A heart rate measurement arrangement as claimed in claim 28, characterized in that the display means are a 
display of the receiver unit. 

30. A heart rate measurement arrangement as claimed in claim 26, characterized in that the heart rate measurement 
arrangement is a one-piece heart rate monitor to be worn on the wrist and comprising one or more sensors for 
measuring the heart rate, the calculating unit, said display means being the display of the heart rate monitor for 
displaying the heart rate and/or energy metabolism information. 

31. A heart rate measurement arrangement as claimed in claim 26, characterized in that the model is arranged to 
return one or more of the following as an output parameter: quality of energy metabolism, amount of energy left 
in the body or amount of energy in the body as energy quality 

32. A heart rate measurement arrangement as claimed in claim 26 or 31 , characterized in that the model contained 
in the calculating unit is arranged to form the output parameter of the model on account of the person's exercise 
stress level, which exercise stress level is formed in the model by means of the information on the person's heart 
rate and one or more exercise stress parameters describing the stressfulness of a fitness exercise. 

33. A heart rate measurement arrangement as claimed in claim 26, characterized in that the model is arranged to 
receive as an input parameter one or more of the following: amount of obtained energy quality of obtained energy, 
person's activity, temperature of the person's skin, temperature of the air surrounding the person's body, person's 
blood pressure, exercise stress parameter describing the hardness of exercise, amount of respiratory gases. 

34. A heart rate measurement arrangement as claimed in claim 26, 31 or 33, characterized in that the energy me- 
tabolism quality or energy quality describes energy consumption in one or more energy components, e.g. as car- 
bohydrates, fats or proteins. 

35. A heart rate measurement arrangement as claimed in claim 26, characterized in that the mathematical model is 
a neural network. 

36. A heart rate measurement arrangement as claimed in claim 35, characterized in that the model is trained on the 
basis of user information collected from a large group of users. 

37. A heart rate measurement arrangement as claimed in claim 36, characterized in that in the training of the neural 
network, weighting coefficients between neurons of the neural network are calibrated by means of feedback by 
utilizing the value of one or more output parameters, 

38. A heart rate measurement arrangement as claimed in claim 26, characterized In that the heart rate parameter is 
a heart rate describing the heart beat frequency, standard deviation of the heart rate, rate of change of the heart 
rate or other such parameter. 

39. A heart rate measurement arrangement as claimed in claim 26, characterized in that the physiological parameter 
is age, sex, height, weight or other such parameter describing a physiological characteristic of the person. 

40. A heart rate measurement arrangement as claimed in claim 26, characterized in that the heart rate measurement 
arrangement comprises supply means for supplying one or more input parameters into the mathematical model 
of the heart rate measurement arrangement. 

41. A heart rate measurement arrangement, characterized in that the heart rate measurement arrangement com- 
prises a calculating unit (452) comprising a mathematical model (200) arranged to form, using as input parameters 
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of the model one or more heart rate parameters (202) and one or more physiological parameters (204) each 
describing a physiological characteristic of a person, one or more of the following as an output parameter of the 
model: the person's glucose content level (224), amount (226) of glucose left in the person's body, which heart 
rate measurement arrangement further comprises display means (450) for displaying information formed in the 
calculating unit (452). 

42. A heart rate measurement arrangement as claimed in claim 41 , characterized in that the heart rate measurement 
arrangement comprises a memory for storing the heart rate information and/or information formed in the calculating 

unit. 

43. A heart rate measurement arrangement as claimed in claim 41 , characterized in that the heart rate measurement 
arrangement comprises an electrode belt for measuring heart rate and a receiver unit comprising a receiver for 
receiving information transmitted from a transmitter of the electrode belt, said calculating unit and said display 
means. 

44. A heart rate measurement arrangement as claimed in claim 43, characterized in that the electrode belt comprises 
at lest two electrodes tor identifying the heart beat from an electric signal transmitted by the heart, and the trans- 
mitter for transmitting the measured heart rate information to the receiver unit. 

20 45. A heart rate measurement arrangement as claimed in claim 43, characterized in that the display means are a 
display of the receiver unit. 

46. A heart rate measurement arrangement as claimed in claim 44, characterized in that the receiver of the receiver 
unit is arranged to receive the information transmitted wirelessly by the transmitter of the electrode belt. 

25 

47. A heart rate measurement arrangement as claimed in claim 41 , characterized in that the heart rate measurement 
arrangement is a one-piece heart rate monitor to be worn on the wrist and comprising one or more sensors for 
measuring the heart rate, the calculating unit, said display means being the display of the heart rate monitor for 
displaying the heart rate and/or energy metabolism information. 

48. A heart rate measurement arrangement as claimed in claim 41 . characterized in that the output parameter of the 
model describing glucose consumption is formed on account of the person's exercise stress level, the exercise 
stress level being estimated in the model by means of the information on the person's heart rate level and one or 
more exercise stress parameters describing the stressfuiness of a fitness exercise. 

49. A heart rate measurement arrangement as claimed in claim 41 , characterized in that the model is arranged to 
receive one or more of the following as an input parameter: amount of obtained energy, quality of obtained energy, 
person's activity, temperature of the person's skin, temperature of the air surrounding the person's body, person's 
blood pressure, exercise stress parameter describing the hardness of exercise, amount of respiratory gases. 

50. A heart rate measurement arrangement as claimed in claim 49, characterized in that the energy quality describes 
energy consumption in one or more energy components, e.g. as carbohydrates, fats or proteins. 

51. A heart rate measurement arrangement as claimed in claim 41 , characterized in that the mathematical model is 
45 a neural network. 

52. A heart rate measurement arrangement as claimed in claim 51 , characterized in that the model is trained on the 
basis of user information collected from a large group of users. 

so 53. A heart rate measurement arrangement as claimed in claim 52, characterized in that in the training of the neural 
network, weighting coefficients between neurons of the neural network are calibrated by means of feedback by 
utilizing the value of one or more output parameters. 

54. A heart rate measurement arrangement as claimed in claim 41 , characterized in that the heart rate parameter is 
55 a heart rate describing the heart beat frequency, standard deviation of the heart rate, rate of change of the heart 

rate or other such parameter. 

55. A heart rate measurement arrangement as claimed in claim 41 , characterized in that the physiological parameter 
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is age, sex, height, weight or other such parameter describing a physiological characteristic of the person. 

56. A heart rate measurement arrangement as claimed in claim 41 , characterized in that the heart rate measurement 
arrangement comprises supply means for supplying one or more input parameters into the mathematical model 
5 contained in the heart rate measurement arrangement. 
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